Purpose The STarT Back Tool (SBT) was recently translated into Danish and its concurrent validity described. This study tested the predictive validity of the Danish SBT. Methods Danish primary care patients (n = 344) were compared to a UK cohort. SBT subgroup validity for predicting high activity limitation at 3 months' follow-up was assessed using descriptive proportions, relative risks, AUC and odds ratios.
Introduction
The STarT Back Screening Tool (SBT) has shown promise in triaging non-specific low back pain (NSLBP) patients in primary care [1, 2] . In the (UK), the SBT has shown an ability in primary care to identify modifiable prognostic factors, classify people into prognostic subgroups [1] and improve patient outcomes through subgroup-matched treatment pathways [3] .
The SBT was recently translated into Danish, using bestpractice translation methods [4, 5] . The result was a linguistically accurate and culturally acceptable tool with adequate discriminative validity to be used in Danish primary care [6] . However, the predictive and external validity of SBT in Danish primary care has not been established [6] and therefore there is a need for those aspects of the SBT's measurement properties to be described [7] .
There is an increasing focus on questionnaires that index prognostic risk in low back pain (LBP), such as the SBT [1] and the Orebro Musculoskeletal Pain Questionnaire [8] .
Questionnaires that can be used in routine care settings require a trade-off between brevity, simplicity and precision [9] and adequate validation is important if clinicians are to be confident in their use. Recognising these challenges, Justice et al. [10] proposed a multi-layered approach to external validation that includes a focus on reproducibility and transportability, and it has been recommended that validity testing occurs in multiple and setting-specific samples [11] .
Validation of the predictive ability of the SBT in the cultural context of Danish primary care would determine whether prognostic stratification based on SBT subgroups is similar to that in the UK, and inform the implementation of this screening tool in Danish daily healthcare practice [7, 12] . Therefore, the aim of this study was to compare the predictive validity of the Danish version of the SBT in Danish primary care to the English version of the SBT in UK primary care.
Methods

Patient groups
Two Danish patient samples from general medical practice (GP) and physiotherapy primary care clinics were pooled into a cohort representing Danish primary care (Danish cohort). The analyses were performed on this cohort and compared to an existing NSLBP cohort from UK primary care (UK cohort) [13] . In both cohorts, almost all patients were initially triaged by GPs, some completing their study questionnaires during or after that consultation and others at physiotherapy practices following referral.
The Danish GP sample was prospectively recruited as part of a GP audit conducted by the regional health authority from February to May 2011, while prospective data collection from 27 Danish physiotherapy clinics occurred from May to September 2011 until 200 baseline questionnaires were collected. There was a 72 % (GP) and 86 % (physiotherapy) follow-up at 3 months. As the physiotherapy sample was the smallest (n = 172), the total Danish cohort (n = 344) was formed by adding 172 patients randomly selected from the GP cohort to evenly weight the cohort across both professional disciplines. This balanced mix of GP and physiotherapy patients was to improve the generalisability of the results, as recommended by de Vet et al. [11] . A detailed flowchart for the Danish cohort is shown in Appendix 1.
The inclusion criteria were people 18-65 years of age with NSLBP identified either by: (1) specific diagnostic coding recorded in GP electronic patient records, or (2) by physiotherapists using the criteria contained in the European guidelines for NSLBP in primary care [14] . Participants completed questionnaires on basic demographic details, fear of movement (Tampa Scale of Kiniesophobia) [15] , catastrophisation (Coping strategy questionnaire) [16] , anxiety and depression (Hospital Anxiety and Depression Scale) [17] and the SBT [1] . Data from both settings were independently double-entered into a database (Epidata 3.1, The EpiData Association, Odense, Denmark) by two research secretaries.
The UK data were from the BeBack Study [13] conducted by the Arthritis Research UK Primary Care Centre, Keele University, from which baseline and 3-month follow-up questionnaire scores were extracted. The study was a prospective cohort of consecutive patients, from a socioeconomically heterogeneous population, who consulted with low back pain in eight general practices in England. Six months' follow-up data from this cohort have previously been reported and the current study uses the full 3 months' follow-up data (n = 856) available from that cohort [13] . Details of the recruitment and data collected have also been previously published [13] .
Three-month outcomes were chosen for our study as this has been shown to be the most important time point for the clinical course of LBP in primary care, marking the end of rapid improvement and heralding the onset of persistent pain [18] .
Data analysis
Previous studies have tested the predictive validity of questionnaires using a variety of methods [19, 20] . In the current study, the predictive validity and external validity of the SBT met the criteria proposed by Justice et al. [10] for comparing cohorts across countries and at a different outcome time points than from that previously studied (in our case, 3 months in the current study and 6 months in the original SBT study in the UK).
Descriptive analysis of the baseline characteristics of the Danish and the UK cohort was performed (means and standard deviations, medians and inter-quartile ranges). Baseline differences between the two cohorts were examined using Mann-Whitney U, Chi-square or KruskalWallis Tests, depending on the data type and distribution.
The three statistical methods that had been used to describe the predictive of the SBT in the original UK validation study [1] were mirrored in our study. The outcome measures used were all threshold scores on measures of activity limitation, pain and pain bothersomeness. These were the constructs chosen in the original study due to their being recommended in expert consensus statements [21] . We replicated these threshold scores so that results could potentially be compared across studies and time points.
Firstly, comparison was made between the proportions of patients with a poor clinical outcome on activity limitation at 3 months in both cohorts, stratified by SBT subgroup. Poor clinical outcome was defined in this context as a Roland Morris disability questionnaire (RMDQ) [22] sum score (0-100 scale) of 30 points or more [23] at 3 months' follow-up. The cut point used in original SBT development study in the UK [1] was 7 on a 0-24 scale but as we used the proportional recalculation method to convert all RMDQ scores to a 0-100 scale, that threshold was recalculated to be 30 points or more. The proportional recalculation method has been shown to be more accurate in managing any missing RMDQ answers [23] .
Secondly, for both cohorts, the same outcome was used to estimate the additional risk (relative risk) [24] for poor outcome resulting for people in the medium or high SBT risk subgroup compared to the low-risk subgroup.
Thirdly, the area under the curve (AUC) statistic from receiver operating characteristic (ROC) curves was used to describe the ability of the baseline SBT sum scores (0-9 scale) to discriminate (sensitivity/1-specificity) [24] between people with and people without the following outcomes at 3 months: (1) poor outcome on activity limitation as defined above, (2) LBP still being 'severe' (8-10 on a 0-10 point scale), and (3) LBP rated as 'very' or 'extremely' bothersome on a 5-point pain bothersomeness scale. All these criteria were used in the original UK validation study [1] .
In addition, as the proportions of patients with a poor clinical outcome on activity limitation and unadjusted relative risks suggested that the psychosocial subscale of the Danish SBT might not have the same predictive ability as the UK version, logistic regression was performed to explore for potential confounding. Due to suspected confounding by treatment exposure (approximately 60 % of the Danish cohort was referred for physiotherapy and approximately 18 % in the UK cohort) and by differential treatment effectiveness at modifying psychosocial risk factors (treatment being heterogeneous), these covariates were further explored. Adjusted odds ratios controlled for Danish care setting (GP and physiotherapy) and change in SBT psychosocial subscale risk factors (fear of movement, catastrophisation, anxiety, depression and pain bothersomeness), measured by their full reference standard questionnaires. An odds ratio greater than 1 in these regression models means that particular clinical characteristic increases the odds of having a poor outcome and an odds ratio less than 1 means that it is protective against a poor outcome. All covariates were initially entered into the model and reported, followed by a manual backwards stepwise reduction (p \ 0.05 to remove) to the most parsimonious model.
Relative risk estimates and random number generation were performed using Microsoft Excel 2003 (Microsoft Corp, Redmond, WA, USA). Logistic regression was performed using STATA 12 (StataCorp, College Station, TX, USA). All other statistical analyses were conducted using PASW 13.0 (IBM Inc., Somers, NY, USA).
Results
Baseline differences between the Danish and the United Kingdom cohorts
The two cohorts were significantly different on a number of baseline characteristics (Table 1 ). On an overall cohort level, the Danish cohort reported higher pain intensity, higher activity limitation, slightly more prevalent leg pain and slightly higher catastrophisation. There were also significant differences between the two cohorts in the distribution of people across the three SBT groups, with a lower proportion of 'low risk' patients and a higher proportion of 'high risk' patients in the Danish cohort.
Comparison of the unadjusted risk of poor clinical outcome on activity limitation at 3 months Overall 47 % in the Danish cohort and 36 % in the UK cohort had poor outcome at 3 months. Reassuringly, in both the Danish and UK cohort, the proportion of patients with a poor outcome was lowest in the low-risk subgroup and highest in the high-risk subgroup (Fig. 1) . This is also reflected in the relative risks of the medium-risk and highrisk subgroups. Although the proportions and relative risks vary between the cohorts, the gradient in the trend line across risk subgroups was similar, indicating that predictive ability of the SBT broadly followed a comparable pattern in both countries.
At an SBT subgroup level, these unadjusted data suggest that the Danish high-risk subgroup does not have the same incremental step size in predictive validity compared with the median-risk subgroup, as in the UK cohort. While the proportion of patients with a poor outcome was quite similar in the low-risk subgroups (Danish 24 %; UK 17 %) and medium-risk subgroups (Danish 57 %; UK 54 %), it was considerably lower in the Danish high-risk subgroup (64 %) compared to that in the UK cohort (78 %). As a consequence, while the relative risks (RR) for the mediumrisk subgroup are comparable across cohorts, there was only a marginal step up to the high-risk subgroup in the Danish cohort, whereas the step up was greater in the UK cohort (Fig. 1) . As the distinction between the mediumand high-risk subgroups is that higher scores on the SBT psychosocial subscale are required to be classified as being high-risk, these unadjusted results could initially be interpreted as suggesting that the psychosocial subscale does not have the same predictive validity in the Danish cohort. Raising the threshold score on the subscale from 4 to 5 had almost no effect of the predictive strength of the Danish high-risk subgroup (from to RR 2.7 [1.8; 3.8] to RR 2.8 [1.8; 4.4] ). Therefore, logistic regression was performed to control for potential confounding.
Comparison of the adjusted risk of poor clinical outcome on activity limitation at 3 months
The unadjusted odds ratios (OR) in Table 2 approximating that of the UK cohort, when the regression model included all covariates. The parsimonious model only retained four covariates (care setting, change in anxiety, change in pain bothersomeness and the interaction between change in pain bothersomeness and care setting) with the predictive ability of the Danish 'high risk' group being almost identical to that observed in the UK cohort in this model (adjusted OR 15.7 [6.6; 37.5]). There was no significant (p \ 0.05) non-linearity in the covariates included in the adjusted models (regression model not reported).
As there was no significant interaction between the SBT subgroups and care setting (regression model not [25, 26] . As the psychosocial covariates may have changed as result of treatment and/or natural history, we believe they may be on the causal pathway and interpret their effect on altering risk as evidence of effect mediation [25, 26] . It was not possible to calculate adjusted ORs for the UK cohort as the same covariate data were not available.
Comparison of the ability of the total baseline SBT scores to identify people with outcomes above a clinical threshold at 3 months
The AUC statistics describing the ability of the baseline SBT scores (0-9 scale) to discriminate between people with and people without scores above threshold values on three different 3-month outcomes are shown in Table 3 . For the outcomes of LBP 'still being severe' and LBP rated as 'very or extremely bothersome' the discriminative ability was similar across cohorts. However, for the outcome of a RMDQ score above 30 points (0-100 scale) the difference was more substantial 
Discussion
The aim of this study was to compare the predictive of the Danish version of the SBT in Danish primary care and the English version of the SBT in UK primary care. There were baseline differences between the cohorts, which reflect their being from different health care systems and cultures. However, this study did not aim to match the cohorts but to include samples that were likely to be representative of their clinical populations and to compare the SBT predictive ability in each cohort. Overall, the results of the current study indicate that the ability of SBT to predict increased risk of poor prognosis at 3 months in Danish primary care was similar to that seen in UK primary care for the low-and medium-risk SBT subgroups, whereas we initially observed almost no difference between the predictive strength of the medium-and high-risk subgroups in the Danish cohort. However, there was a very large difference between the cohorts in exposure to physiotherapy treatment and we found that after adjusting for this confounding [26] and also for significant effect mediation [26] due to change in two psychosocial characteristics, the predictive strength of the high-risk Danish subgroup was almost identical to the UK cohort (unadjusted estimate appropriately explains the differences between cohorts in SBT performance requires further discussion. One potential reason for this difference in risk prediction could have been that the psychosocial subscale that classifies people as high-risk, rather than medium-risk, was not as precise in the Danish population. This could have been an influence, as the concurrent validation study of the Danish translation showed that, compared to the original UK cohort, the discriminative ability of three of the psychosocial subscale questions was less strong [6] . On average, the association between a 'yes' response on a psychosocial subscale question and scores on their respective full reference standard questionnaires had an AUC 0.115 less than in the UK cohort. These differences were believed to be due to disparity in severity between the cohorts (the Danish cohort in that study being more severe and chronic) and the Danish reference standard questionnaires not having been validated [6] . However, imprecision in the psychosocial subscale, and/or cultural differences in the influence of psychosocial factors on outcome, cannot be ruled out as explanatory influences on the predictive ability (unadjusted analysis) of the Danish high-risk SBT subgroup.
Another reason for the difference in (unadjusted) risk prediction observed in the current study for the high-risk subgroup could have been the difference between the cohorts in exposure to physiotherapy treatment (approximately 60 % of the Danish cohort and approximately 18 % of the UK cohort). Exposure to physiotherapy was a confounder, as patients in the physiotherapy group had a substantially lower risk of poor outcome than in the GP group (OR 0.31 [0.13; 0.71]) and that effect was the same across SBT subgroups because there was no significant interaction between care setting and SBT groups.
A further reason for the difference in (unadjusted) risk prediction could have been due to differential treatment effectiveness at modifying psychosocial risk factors, in either the GP or physiotherapy care settings. For example, the physiotherapy treatment was not targeted to SBT subgroup and was likely to be heterogeneous. There was evidence to support this effect mediation, as change in two psychosocial constructs (anxiety and pain bothersomeness) were significant in the adjusted models, and there was a significant interaction between change in pain bothersomeness and care setting. These data do not allow the distinction between treatment effects and change due to natural history, but the interaction between change in pain bothersomeness and care setting is suggestive of a differential treatment effect.
There is some evidence that such a differential effect is explanatory of a weakening of the SBT predictive ability in unadjusted analysis. Secondary analysis of data from the UK randomised controlled trial [3] comparing the predictive ability of the SBT groups in the targeted treatment group to that in the usual care group showed that the predictive ability was reduced by effective treatment (unpublished data). Put simply, when treatment is effective, the predictive ability of the SBT is reduced due to the natural history of the condition being modified.
Direct comparison of these results with those of other translations is not possible, as this degree of validation has not been published for other versions. However, our results are comparable to those found in a USA validation study using the English language version [27] .
Strengths of this study are the rigour of the validation method, the ability to compare results across both cultures, and the Danish cohort consisting of most professions commonly consulted for back pain. A weakness of this study was the inability to perform adjusted analyses in the UK cohort. An additional consideration is that as the cohorts were different at baseline, some of the differences in SBT predictive validity might be due to factors other than change in the psychosocial characteristics. We did not explore these, as the only substantive differences between the cohorts were in the predictive ability of the high-risk (psychosocial subscale) subgroups and those differences were explained by adjusting for psychosocial change. However, differences between countries/settings are to be expected and are an appropriate reason for testing the SBT in different cohorts to determine whether the predictive ability of the SBT is robust to these differences.
Conclusion
In conclusion, based on previous results from the concurrent validation study [6] and these current results on predictive ability, the SBT is suitable as a triage tool of LBP patients in Danish primary care. The Danish SBT distinguished between low-and medium-risk subgroups with a similar predictive ability to the UK SBT. That distinction is useful information for informing patients about their expected prognosis and may help guiding clinicians' choice of treatment. However, cross-cultural differences in 
